)-6-(allyloxy)-2,2-dimethyltetrahydro-3aH-[1,3]dioxolo[4,5-c]pyran-7-yl)oxy)-6-methyltetrahydro-2H-pyran-3,4,5-triyl tribenzoate (7) Tribenzoyl rhamnose 5 2 (290 mg, 0.608 mmol, 2.8 equiv), phenyl sulfoxide (351 mg, 1.74 mmol, 8.0 equiv) and 2,4,6-tri-tert-butylpyridine (591 mg, 2.39 mmol, 11.0 equiv) were dissolved in CH 2 Cl 2 /PhMe (4 ml/10 mL) and cooled to -78 ºC. Tf 2 O (102 µl, 0.608 mmol, 2.8 equiv) was added and after 15 min reaction mixture was warmed to -45 ºC and stirred for additional 1 hour. In a separate flask arabinose 6 3 (50.0 mg, 0.217 mmol, 1 equiv) was dissolved in CH 2 Cl 2 (5 mL) and cooled to -45 ºC. This solution of arabinose 6 was added to the reaction mixture via cannula. The reaction was stirred at this temperature for 30 min then at 0 ºC for another 30 min. The reaction mixture was diluted with 200 mL of CH 2 Cl 2 and washed with saturated solution of NaHCO 3 (50 mL). Organic layer was dried over Na 2 SO 4 . Solids were removed by filtration and obtained solution was concentrated under reduced pressure. The residue was purified by automated SiO 2 column chromatography (10 g solid loading cartridge, 40 g column, 1-100% EtOAc gradient in hexanes) to yield disaccharide 7 (120 mg, 80%) as a white foamy solid.
TLC R f 0.14 (hexanes:ethyl acetate 5:1); [α] D 19 +141.8 (c 1.00, C 6 H 6 ); FTIR (NaCl film) 2985, 1730, 1601, 1452, 1264, 1106, 811, 803, 744, 729, 721, 676, 654, 643, 611 ; 1 H NMR (600 MHz, CDCl 3 ) δ 8. 2H), 7.96 (dd, J = 8.3, 1.4 Hz, 2H), 7.80 (dd, J = 8.4, 1.4 Hz, 2H), 1H), 3H), 7.40 (dt, J = 17.5, 7.6 Hz, 3H), 2H) , 6.02 (dddd, J = 16.9, 10.7, 6.0, 5.0 Hz, 1H), 5.88 (dd, J = 10.1, 3.4 Hz, 1H), 5.80 (dd, J = 3.4, 1.8 Hz, 1H), 5.64 (t, J = 9.9 Hz, 1H), 5.44 (dd, J = 17.2, 1.6 Hz, 1H), 5.33 (d, J = 1.8 Hz, 1H), 5. 30 (dd, J = 10.4, 1.5 Hz, 1H), 4.99 (d, J = 3.3 Hz, 1H), 4.44 (dd, J = 7.9, 5.6 Hz, 1H), 3H) , 4.05 (dd, J = 13.2, 6.0 Hz, 1H), 4.01 (d, J = 2.1 Hz, 2H), 3.87 (dd, J = 7.9, 3.4 Hz, 1H), 1.56 (s, 3H), 1.37 (s, 3H), 1.34 (d, J = 6.2 Hz, 3H); 13 C NMR (151 MHz, CDCl 3 ) δ 165. 85, 165.54, 165.53, 133.71, 133.56, 133.45, 133.17, 130.07, 129.83, 129.80, 129.58, 129.39, 129.35, 128.69, 128.54, 128.37, 117.88, 109.24, 98.45, 97.05, 77.37, 77.18, 77.16, 76.95, 74.91, 73.73, 72.05, 70.83, 69.91, 68.71, 67.09, 58.95, 28.45, 26.46, 17.91 (2S,3R,4R,5S,6S)-2-(((2S,3R,4S,5S)-2-(allyloxy)-4,5-dihydroxytetrahydro-2H-pyran-3yl)oxy)-6-methyltetrahydro-2H-pyran-3,4,5-triyl tribenzoate (8) Disaccharide 7 (500 mg, 0.726 mmol, 1 equiv) was dissolved in CH 2 Cl 2 /MeOH (10 mL/ 20 mL) at ambient temperature. TsOH·H 2 O (96.6 mg, 0.508 mmol, 0.7 equiv) was added and the reaction mixture was stirred for 4 hours. Et 3 N (200 µl) was added to quench the reaction and concentrated. The residue was purified by automated SiO 2 column chromatography (10 g solid loading cartridge, 40 g column, 1-100% EtOAc in hexanes) to yield diol 8 (359 mg, 78%).
TLC R f 0.12 (hexanes:ethyl acetate 3:2); [α] D 19 +90.7 (c 1.00, C 6 H 6 ); FTIR (NaCl film) 3424, 2923, 1723, 1601, 1451, 1315, 1264, 1177, 1109, 1070, 1027, 709, 665 90, 165.81, 165.74, 133.81, 133.68, 133.51, 133.35, 130.06, 129.86, 129.39, 129.34, 129.19, 128.71, 128.58, 128.46, 117.59, 99.90, 98.00, 79.21, 77.37, 77.16, 76.95, 71.77, 70.70, 70.20, 69.51, 68.75, 68.14, 67.27, 62.05, 17.97 178 mmol, 1 equiv.) and Ph(OEt) 3 (3.0 mL, 13 mmol, 6 equiv.) were dissolved in PhMe (30 mL) at ambient temperature. TsOH·H 2 O (112.5mg, 0.6534 mmol, 0.3 equiv.) was added and the reaction mixture was stirred at this temperature for 90 min. The reaction was quenched by addition of Et 3 N (0.5 mL), then diluted with CH 2 Cl 2 (100 mL) and washed with H 2 O (2 x 40 mL). Organic layer was dried over Na 2 SO 4 . Solids were removed by filtration and the obtained solution was concentrated. The residue obtained was used in the subsequent step.
ii. The residue from step i was dissolved in AcOH/H 2 O (16 ml/ 4mL) and stirred for 90 min. At this point AcOH and H 2 O were azeotropically removed with the aid of PhMe and the Karimov, et al. Supporting Information Page S5 residue was purified by automated SiO 2 column chromatography (10 g solid loading cartridge, 40 g column, 1-100% EtOAc in hexanes) to yield disaccharide 3 (1.125 g, 69%) as a white solid.
TLC R f 0.40 (hexanes:ethyl acetate 2:1); [α] D 19 +188.3 (c 1.00, C 6 H 6 ); FTIR (NaCl film) 3486, 2982, 1728, 1602, 1451, 1267, 1177, 1069, 1026, 928, 813, 804, 799, 791, 753, 739, 701, 664, 647, 633, 615; 1 49, 165.82, 165.70, 165.58, 133.66, 133.63, 133.51, 133.36, 133.27, 130.02, 129.99, 129.96, 129.85, 129.82, 129.41, 129.37, 129.25, 128.70, 128.58, 128.55, 128.41, 117.90, 99.80, 97.87, 79.04, 77.37, 77.16, 76.95, 72.31, 71.85, 70.69, 70.01, 68.88, 67.33, 67.02, 60.84, 17.98 ((2R,3R,4S,5R,6R )-3,4,5-triacetoxy-6-(acetoxymethyl)tetrahydro-2Hpyran-2-yl)oxy)methyl)tetrahydro-2H-pyran-2,3,4,5-tetrayl tetraacetate (9) β-gentiobiose (350 mg, 0.892 mmol, 1 equiv.) was suspended in mixture of Py/Ac 2 O (30 mL/ 45 mL) and heated to 60 ºC for 24 hrs. Reaction mixture was cooled to room temperature, diluted with EtOAc (500 mL), and washed sequentially with H 2 O (2 x 100 mL), 1M HCl (2 x 150 mL), saturated solution of NaHCO 3 (150 mL) and brine (150 mL). Organic layer was dried on MgSO 4 . Solids were removed by filtration and obtained solution was concentrated. The residue was purified by automated SiO 2 column chromatography (10 g solid loading cartridge, 40 g column, 1-100% EtOAc in hexanes) to yield β-gentiobiose octaacetate 9 (617.5 mg, 95%) as white solid.
TLC R f 0.20 (hexanes:ethyl acetate 1:1); [α] D 19 +1.5 (c 1.00, C 6 H 6 ); FTIR (NaCl film) 2945, 1753, 1433, 1369, 1220, 1038, 908, 734, 699; 1 68, 170.27, 170.11, 169.54, 169.41, 169.40, 169.25, 168.83, 100.62, 91.58, 77.24, 77.03, 76.82, 73.88, 72.85, 72.73, 71.90, 70.86, 70.22, 68.39, 68.29, 67.49, 61.82, 20.82, 20.77, 20.64, 20.62, 20.60, 20.59, 20.58 (2R,3R,4S,5R,6R)-2-(acetoxymethyl)-6- (((2R,3S,4R)-3,4-diacetoxy-3,4 -dihydro-2H-pyran-2yl)methoxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate (11) TiBr 4 (302 mg, 0.822, 0.6 equiv.) was suspended in CH 2 Cl 2 (10 mL) at ambient temperature. AcOH (1 drop) was added and stirred for 5 min. Solution of β-gentiobiose octaacetate 9 (930.0 mg, 1.371 mmol, 1 equiv.) in CH 2 Cl 2 (10 mL) was added dropwise. The addition funnel was rinsed with additional CH 2 Cl 2 (10 mL) and added to the reaction mixture. Reaction mixture was stirred for 24 hrs and quenched by adding solid NaHCO 3 in 4 portions (500 mg each). Each portion was followed by addition of 30 drops of water. Additional water (50 mL) was added and extracted with CH 2 Cl 2 (3 x 40 mL), dried over Na 2 SO 4 , filtered, concentrated to give crude glycosyl bromide as off white solid, which was carried to next step without further purification. Glycosyl bromide (940 mg, 1.34 mmol, 1 equiv.), freshly activated zinc dust (439 mg, 6.72 mmol, 5 equiv.) and NH 4 Cl (359 mg, 6.72 mmol, 5 equiv.) were combined in MeOH (1.6 Karimov, et al. Supporting Information Page S7 mL) at ambient temperature. To this mixture V(O)Salen (10) 4 (13 mg, 0.040 mmol, 0.03 equiv.) was added. Reaction mixture was stirred for 30 min, filtered through a pad of Celite and concentrated. The residue was dissolved in EtOAc (100 mL), washed with saturated solution of NaHCO 3 (50 mL) and brine (50 mL), dried over MgSO 4 . Solids were removed by filtration and obtained solution was concentrated. The residue was purified by automated SiO 2 column chromatography (10 g solid loading cartridge, 40 g column, 1-100% EtOAc in hexanes) to yield glucal 11 (553 mg, 73% over 2 steps) as a white solid.
TLC R f 0.31 (hexanes:ethyl acetate 1:1); [α] D 19 -28.9 (c 1.00, C 6 H 6 ); FTIR (NaCl film) 2959, 2891, 1753, 1650, 1433, 1371, 1224, 1174, 1136, 1039, 906, 820, 735, 701 ; 1 H NMR (600 MHz, C 6 D 6 ) δ 6.14 (dd, J = 6.2, 1. 169.99, 169.88, 169.26, 169.09, 169.08, 145.83, 101.09, 98.91, 74.82, 73.26, 72.25, 71.63, 68.63, 67.92, 66.96, 66.92, 61.67, 20.57, 20.44, 20.37, 20.28, 20.25, 20.18 2R,3R,4S,5R,6R)-2-(acetoxymethyl)-6-(((2R,3R,4R,5R,6R)-3,4-diacetoxy-6-(allyloxy) -5hydroxytetrahydro-2H-pyran-2-yl)methoxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate (12) Glucal 11 (1.00 g, 1.78 mmol, 1 equiv.) was dissolved in CH 2 Cl 2 (40 mL) and cooled to -78 ºC. Solution of dimethyldioxirane (0.065 M, 41.2 mL, 2.67 mmol, 1.5 equiv.) was added and the reaction mixture was stirred for 30 min at -78 ºC, then warmed to 0 ºC and stirred for another 20 min and concentrated under vacuum (at 0 ºC). The residue was dissolved in allyl alcohol (40 mL) and stirred for 5 hrs at ambient temperature. Excess allyl alcohol was removed by rotary evaporation and the residue was purified by automated SiO 2 column chromatography (10 g solid loading cartridge, 80 g column, 1-100% MTBE in PhMe) to yield disaccharide 12 (827 mg, 73%) as a white solid.
TLC R f 0.13 (hexanes:ethyl acetate 1:1); [α] D 19 +9.0 (c 1.00, C 6 H 6 ); FTIR (NaCl film) 3487, 2944, 1752, 1431, 1368, 1223, 1171, 1037, 907, 735, 699, 600; 1 81, 170.77, 170.37, 169.95, 169.53, 169.39, 133.31, 118.58, 101.48, 100.84, 77.37, 77.16, 76.95, 74.50, 73.46, 72.87, 72.27, 72.03, 71.20, 70.45, 69.15, 68.35, 61.93, 20.95, 20.89, 20.82, 20.75, 20.74 (2S,3R,4S,5R)-2-(((2R,3R,4S,5R,6R)-4,5-diacetoxy-2-(allyloxy)-6-((((2R,3R,4S,5R,6R)-3,4 ,5triacetoxy-6-(acetoxymethyl)tetrahydro-2H-pyran-2-yl)oxy)methyl)tetrahydro-2H-pyran-3-yl)oxy)tetrahydro-2H-pyran-3,4,5-triyl tribenzoate (14) β-gentiobiose derivative 12 (160 mg, 0.252 mmol, 1 equiv.) and xylose trichloroimidate 13 (306 mg, 0.504 mmol, 2 equiv.) were azeotropically dried with PhMe (3 mL), then dissolved in CH 2 Cl 2 (15 mL) and cooled to -20 ºC. Powdered 4A mol. sieves (100 mg) was added and the mixture was stirred for 10 min. TMSOTf (4.2 µl, 0.025 mmol, 0.12 equiv.) was added and the reaction mixture was stirred at -20 ºC for 40 min, and then quenched by adding Et 3 N (250 µl). The reaction mixture was allowed to warm to room temperature, filtered through a pad of celite and the obtained solution was concentrated. The residue was purified by automated SiO 2 column chromatography (10 g solid loading cartridge, 40 g column, 1-100% EtOAc in hexanes) to yield trisaccharide 14 (225 mg, 83%) as a white solid.
TLC R f 0.29 (hexanes:ethyl acetate 1:1); [α] D 19 -46.9 (c 1.00, C 6 H 6 ); FTIR (NaCl film) 3063, 2944, 2881, 1753, 1601, 1584, 1491, 1452, 1367, 1260, 1176, 1039, 906, 803, 736, 713, 599 ; 1 H NMR (600 MHz, CDCl 3 ) δ 7. 2H), 2H), 2H), 3H), 4H), 2H), 5.84 (dddd, J = 16.9, 10.4, 6.3, 5.1 Hz, 1H), 5.55 (t, J = 5.9 Hz, 1H), 5.26 (dd, J = 17.2, 1.6 Hz, 1H), 5H), 5.02 (d, J = 4.0 Hz, 1H), 4.98 (t, J = 9.7 Hz, 1H), 4.90 (dd, J = 9.6, 7.9 Hz, 1H), 4.67 (t, J = 9.7 Hz, 1H), 4.51 (dd, J = 12.9, 3.6 Hz, 1H), 4.48 (d, J = 8.0 Hz, 1H), 4.42 (d, J = 7.7 Hz, 1H), 1H), 4.16 (dd, J = 12.3, 4.8 Hz, 1H), 4.04 (dddd, J = 12.3, 9.2, 5.2, 1.8 Hz, 2H) , 3.75 (dd, J = 11.1, 2.2 Hz, 1H), 3.70 (dd, J = 9.5, 7.7 Hz, 1H), 3.62 (dd, J = 12.8, 4.9 Hz, 1H), 3.57 (ddd, J = 10.0, 4.8, 2.5 Hz, 2H), 3.48 (dd, J = 11.0, 7.3 Hz, 1H), 1.98 (s, 3H), 1.94 (s, 3H), 1.92 (s, 3H), 1.90 (s, 3H), 1.87 (s, 3H), 1.77 (s, 3H); 13 C NMR (151 MHz, CDCl 3 ) δ 170. 74, 170.36, 170.10, 169.97, 169.53, 169.39, 165.76, 165.21, 165.17, 133.57, 133.52, 133.49, 133.33, 130.09, 129.96, 129.94, 129.51, 129.29, 129.23, 128.57, 128.52, 128.50, 128.47, 128.46, 128.44, 118.35, 100.84, 100.64, 99.16, 77.37, 77.16, 76.95, 76.76, 74.42, 73.11, 72.89, 72.05, 71.20, 70.53, 69.83, 69.57, 69.29, 68.70, 68.39, 68.34, 61.91, 60.64, 20.89, 20.83, 20.77, 20.75, 20.74, 20.70 3R,4S,5R)-2-(((2S,3R,4S,5R,6R)-4,5-diacetoxy-6-((((2R,3R,4S,5R,6R)-3,4 ,5-triacetoxy-6-(acetoxymethyl)tetrahydro-2H-pyran-2-yl)oxy)methyl)-2-(2,2,2-trichloro-1iminoethoxy)tetrahydro-2H-pyran-3-yl)oxy)tetrahydro-2H-pyran-3,4,5-triyl tribenzoate (2) Trisaccharide 14 (182 mg, 0.169 mmol, 1equiv) was dissolved in MeOH (10mL). PdCl 2 (15.0 mg 0.0844 mmol, 0.5 equiv) was added and the reaction mixture was stirred at ambient temperature for 4 hrs and concentrated. The residue was then dissolved in CH 2 Cl 2 (10 mL) and filtered through a pad of Celite. The Celite layer was washed with additional CH 2 Cl 2 (3x 10 mL). Combined CH 2 Cl 2 layers were concentrated and carried to the next step without further purification. The residue from the previous step was dissolved in CH 2 Cl 2 (10 mL) at ambient temperature. K 2 CO 3 (233 mg, 1.68 mmol, 10 equiv.), followed by Cl 3 CCN (169 µL, 1.68 mmol, 10 equiv.) were added. Reaction mixture was stirred at ambient temperature for 24 hours. Solids were filtered off and the obtained solution was concentrated. The residue was purified by automated SiO 2 column chromatography (10 g solid loading cartridge, 40 g column, 1-100% EtOAc in hexanes) to yield trichloroimidate imidate 2 (132 mg, 66%) as a white solid.
TLC R f 0.21 (hexanes:ethyl acetate 1:1); [α] D 19 +8.5 (c 1.00, C 6 H 6 ); FTIR (NaCl film) 3320, 3064, 2961, 2886, 2360, 1755, 1677, 1432, 1368, 1177, 1096, 1069, 971, 712 81, 170.36, 169.70, 169.67, 169.62, 169.49, 165.62, 165.60, 164.87, 160.85, 133.57, 133.55, 133.44, 130.08, 130.07, 130.01, 129.90, 129.25, 129.23, 128.91, 128.56, 128.53, 128.51, 128.46, 101.90, 100.54, 94.68, 90.96, 77.37, 77.29, 77.16, 76.95, 72.89, 71.92, 71.04, 70.98, 70.79, 70.22, 70.14, 68.96, 68.35, 68.31, 67.25, 61.86, 61.36, 20.89, 20.82, 20.77, 20.74, 20.73, 20.38; HRMS (ESI) Deprotection of pentasaccharides α-16 and β-16. To the solution of the pentasaccharide α-16 or β-16 (8.5 mg, 0.0048 mmol, 1 equiv) in MeOH (1 mL) was added MeONa (4.4 mg, 0.082 mmol, 17 equiv). The reaction mixture was stirred at ambient temperature for 16 hrs and
